We present a unique high magnetic field phase of the quasi-one dimensional organic conductor (TMTSF) 2 ClO 4 . This phase, termed "Q-ClO 4 ", is obtained by rapid thermal quenching to avoid ordering of the ClO 4 anion.
1 Quasi-one dimensional organic metals have the general character of a large bandwidth along the molecular stacking (chain) direction, followed by significantly smaller band widths in the inter-chain and inter-plane directions 1 . For the Bechgaard salts these ratios are (t a , t b , t c : 1000, 250, 3 meV) respectively 2 . For sufficiently small transverse bandwidths, a one-dimensional conductor will undergo an instability, at a critical temperature, to an insulating ground state. Following Yamaji 3 , this temperature has an anisotropic bandwidth dependence in terms of the so called "imperfect nesting parameter", ε 0 = t 2 b /t a . Hence the more two-dimensional the material is, the larger ε 0 will be, and the lower the temperature where the instability, or "nesting" will occur. In the case of the Bechgaard salts, a spin density wave (SDW) ground state is formed. For sufficiently large ε 0 , the low temperature ground state remains metallic, but high magnetic fields can effectively reduce ε 0 (i.e. drive the system more one-dimensional), and a field induced spin density wave state (FISDW)
can be stabilized 4 . This latter phenomena has been the subject of extensive experimental and theoretical work 1 .
In this communication we consider a system where ε 0 is large, but where an SDW state still forms at a temperature T SDW = 5 K. This allows a unique situation where T SDW increases by a factor of two in high magnetic fields due to the close competition between ε 0 and the magnetic energy. To accomplish this we employ the well-studied organic con- undergoes an ordering transition around 24 K, the unit cell doubles in the b direction, and the resulting Fermi surface becomes more complex 5 . Generally, it is this relaxed state of the material (hereafter R-ClO 4 ), which has been most extensively studied. In contrast, Q-ClO 4
is in the class of Bechgaard salts 2 (TMTSF) 2 X where X = PF 6 , AsF 6 , NO 3 which form an SDW state at ambient pressure below a transition temperature T SDW (12 K for X = PF 6 and AsF 6 , 10K for X = NO 3 , and 5 K for X = Q-ClO 4 ). In these cases a high magnetic field improves the nesting condition 6, 7, 11 , and T SDW increases with magnetic field. We have determined that not only does this happen for the case of Q-ClO 4 , but the effect is the most dramatic, and leads to a new phase diagram in the hierarchy of nesting parameters ( 7 K ≤ ε 0 ≤ 22.5 K ) in the Bechgaard salts.
The measurements reported here were carried out on two samples in 50 T (sample #1) and 60 T (sample #2) pulsed-field magnets at the Los Alamos National Laboratory. Electrical transport contacts were made via graphite paint and 12µm gold wires, with a dc four-terminal technique with a current of 50 µA. The current was applied transverse to the layers along the c-axis, as were the voltage contacts. The magnetic field is also along the c-axis. To ensure that the samples fully quenched, the samples were put in direct contact with liquid helium from room temperature as rapidly as possible. Estimated cooling rates were of order 30 K/sec or greater. The use of graphite paint appeared to greatly enhance the reliability of the contacts and to reduce degradation (cracking) of the samples during the rapid cool-downs. Systematic temperature measurements for each run were performed with a single quench to preserve the anion disorder in the samples.
In Fig. 1a we show a summary of the magnetoresistance measurements for sample #1 dependence of the magnetoresistance changes again. At higher fields quantum oscillations of frequency F=190 T become evident. We will return to these last two points in the discussion below.
In Fig. 3 we summarize the dependence of B SDW and B * in terms of the corresponding temperatures T SDW and T * based on the analysis of Fig. 2 and the zero field value from the inset of Fig. 1a . The new phase diagram, as defined by Fig. 3 , is the main result of the present work. To put the new data for Q-ClO 4 in perspective, we have included previous results for AsF 6 , PF 6 , and NO 3 , (Refs. 7, 6, 8 ) for the field dependence of T SDW in terms of the theoretical framework, which describes the magnetic field dependence of T SDW as given by
Bjelis and Maki in the form
Here e 0 =ε 0 /ω b , where ε 0 is the imperfect nesting parameter described above, and ω b =ev F bB.
The latter is the effective cyclotron frequency along the b-axis, where v F is the Fermi velocity. J l and Ψ are Bessel and digamma functions respectively, and
corresponds to the transition temperature for perfect nesting. This expression, in an asymptotic form 6 , successfully describes the field dependence of T SDW for (TMTSF) 2 NO 3 Ref. and (TMTSF) 2 PF 6 Ref.
11 . For Q-ClO 4 , Eq. 1 is also applied, but its full (non-asymptotic)
form must be used to obtain proper convergence at low magnetic fields due to the large imperfect nesting parameter ε 0 needed to describe the data. (The fitting parameters for all three materials are listed in the caption of Fig. 3 .) It is clear that T SDW (B =0) decreases with increasing ε 0 . However, since the general Fermi surface topology is very similar, all three materials approach a common transition temperature in the high field limit.
For completeness, the phase diagram of R-ClO 4 is also shown 5 in Fig. 3 . A point that must be clearly made is that the Q-ClO 4 phase diagram is very different from that studied 
